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Design of ultra-short focal miniature projection lens based on DMD
DING Wei, YANG Jiegen, HU Feng, ZOU Liner
(School of Physics and Materials, Nanchang university, Nanchang 330000, China)

Abstract: In order to solve the problems of high cost, large volume, vertical color difference and distortion
correction for most existing ultra short focal projection equipment,an ultra-short focal micro projection lens
based on DMD (digital micro-mirror device) chip was designed, and its tolerance analysis and thermal analysis
were carried out. The system consists of 7 lenses, greatly simplifying the structure and reducing the cost. The
F number of the system is 1.7, the focal length is 1.65 mm, the optical length is 79.39 mm, the projection ratio
is 0.16, and the system has the characteristics of large aperture, large field of view and miniaturization. The
design results show that the MTF (modulation transfer function) of the full field of view is larger than 0.65 at
the space cutoff frequency of 93 Ip/mm, which is close to the diffraction limit. The vertical color difference of
the system is controlled within 1.2 um, the maximum distortion is —2.17%, and the full-field relative
illuminance is greater than 0.95, which satisfy the design requirements.

Key words: optical design; ultra-short focal; projection lens; DMD chip
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Fig. | Summary of diffraction efficiency of DMD chips with

different pixel sizes in visible light band
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Table 1 Design indices of system

RBESHL itHEbR
B /mm 380~760(FJ WY B )
FEFE /mm 1.65
M FA/(°) 149
Fl# 1.7
Ee g 0.16
AEXT A AR /% <3
MTEF(@93 lp/mm) =0.3
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Fig.2 System structure diagram
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Table 2 Basic parameters of each lens

1 fRAEEKIE 26.004  3.036 N-BAF10 6.18
2 T 7.731 10456
3 EWAEEKIE  38.687  4.281 H-LAFI 7.1
4  MHYEEEKE 9674 15546
5 FRAE I —-32.66  6.061 LASFI4A 5.9
6 T 4134  7.047 H-ZLAF57 7.3
7 PRUEIT 23921 7.509
8 S Infinite 0 e
9 FRAE I 50.075  5.677  SF59 9.8
10 Lnidiig 8.680  4.367 H-LAKS50 6.3
11 PRUEIT -11.789  0.905
12 R T 14998  3.356 H-LAF1 7.1
13 PRUEIT 57912 1.257
14 R T Infinite ~ 7.000 H-K9L 7.6
15 FRAE I Infinite  1.000
16 R T Infinite  1.000  BK7 7.1
17 T Infinite ~ 1.000
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Table 3 Surface shape parameters of aspheric surface

Fim
fﬁ%‘ K Ay Ag Ag

Al()

1 —2.282 —2.969x10° =7.334x10™ —2.721x107"° 7.211x107"
3 —0.266 —7.181x10* —2.206x107 —4.458x10" 8.935x107"
4 —0.860 —2.080x10* —6.826x10° —3.028x107 6.533x10”
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Fig.3 MTF curve of system
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Fig. 4 Vertical axis chromatic aberration diagram of system
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Fig. 5 Relative illuminance curve of system
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Fig. 6 Grid distortion diagram of system
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Table 4 MTF of system at 93 Ip/mm at 0~ 60 °C

REE/C FAAMTF(@93 Ip/mm)  SRKMTF(@93 lp/mm)
0 0.650 0.716
10 0.661 0.718
20 0.667 0.719
30 0.666 0.720
40 0.663 0.708
50 0.660 0.696
60 0.651 0.678
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